Section 1

Sumary and Concl usi ons

The purpose of this project is to determne the feasibility and
useful ness of an econom c analysis of the beneficial outcomes of water
quality inprovenents that should result from upgrading sewage treatnents
pl ants (STPs) and from combi ned sewer overflow (CSO controls. Thi s
report uses Boston Harbor, Boston, Massachusetts, to serve as a case study
whi ch denonstrates the application of a variety of benefit estimtion
techniques in order to develop a range of benefit values associated with
the uses of the Harbor which would be affected by the various pollution
control treatnment alternatives. It contains pertinent data and
conputations to denonstrate the application of the techniques. Thi s
report may al so serve as an Appendix to the EPA' s Marine CSO Handbook,
whi ch states can use as an exanple of how to perform benefit analysis.
Where feasible, the study provides dollar estimtes of the economc
benefits of the treatnment alternatives for the two primary benefit
categories (recreation and comrercial fishing) as well as for other

rel evant benefits.

The STP treatnent options considered here include upgrading from primry
to secondary treatnment and upgrading the existing prinary treatnent with an
ocean outfall. One of the STP options considered follows fromthe |ega

mandate of the 1972 and 1977 Clean Water Act and Amendnents, the Environnenta
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Protecti on Agency (EPA) standards and procedures for the treatnent and
di sposal of nunicipal wastes. These regulations call for treatment at the
secondary | evel (which includes nore BOD and SS renpval in addition to basic

primary treatment) and a cessation of sludge disposal in the ocean.

The second STP option is an ocean outfall in conjunction wi th upgrading
existing primary facilities. Plans have been nade by the Metropitan District
Conmi ssion (MDC) to repair and rehabilitate the STPs so that they wll
function properly at an upgraded primary treatment |evel. In addition, the
MDC has applied for a variance under section 301(h) of the C ean Water Act
from secondary treatnent requirenents. The application is based on an
i mproved di scharge whereby the two existing plants will inprove their
operation O primary treatment, and effluent will be discharged at an ocean
outfall in Massachusetts Bay via a tunnel 12.1 km (7.5 niles) from Boston
Har bor . Since the initiation of this study, the proposed ocean outfall has

been tentatively denied by the EPA Administrator (in June, 1983).

The selection of these options does not constitute endorsement of these
proposal s over other STP options, nor is this study a part of the formal

301(h) evaluation efforts. Rat her, since the purpose of this study is to

determ ne the feasibility and useful ness of an econonic analysis of the
beneficial outcones of inproved water quality, the two STP options are
anal yzed here as representative of the options under consideration at the tinme

the study was initiated

The CSO control options are derived from studi es done for the

Massachusetts District Comm ssion as well as studies done for the town of
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Qui ncy. They include control of pollution due to conbined sewer overfl ows,
stormvat er di scharges and dry weather overflows all of which contribute

significantly to the CSO problenms in the Boston Harbor area.

Boston Harbor is surrounded by a mmjor urban center and, despite its
serious water quality problens, provides the setting for many and diverse
wat er uses including a fishing and shipping port, recreational boating,
swi mmi ng and beach activities, shellfishing, finfishing, and, especially
recogni zed in recent years, an aesthetic focal point for comrercial,
residential and recreational activities. Figure 1-1 shows the geographic

features of the study area

Due to the conplexity of the situation, the constraints of the data, and
the evolving nature of benefits analysis the results of this study should be
viewed with caution. Every effort is made to assess the reliability of both
t he data and net hods used. In the individual chapters of the report specific

sections on the linmtations of the analysis are provided.

This chapter provides a brief overview of the treatnent alternatives,
receptors, benefit categories, and benefit methodol ogies. A conparison of the

benefits and costs of the alternatives is presented and the results of the

study summari zed.

1.1 Pollution Sources

Two maj or sources of pollutant |oadings to Boston Harbor are 1) the Nut

I sl and and Deer I|sland Sewage Treatnent Plants (STPs), owned and operated by



Figure 1-1. Bost on Har bor

rprtle

\w < \. /i/"
M) T M R G
|‘ [\“ A.-:gr\l)ﬁ.) 1S
=) ) /“?) g )
RS £ o) »
Y (g0 S [ N gl
. ":‘r’-'<“',é‘ L loge &) i
t i, ‘rtkumn \ . o - (}(
/ = 0 “wn O - !, P - X ‘)0
; Inner Q\ . A ., +~ Presidents Roads “‘Q
7 W g2, Matbor Qi /’“‘\u’u RN . - (‘(,(
B Sy % . r . o
BOSTON ': O A '~\~L"‘D : “"'_ ’ // _ The Brevatera %,
. Y R / s A

. ) Deer )’-(and', 0 ﬁ
[ oo

-‘ v - -

- e e - -

-~ - - -
T - - | Lovell 1, 0
) [
‘\r““
cn\\op- 1e
Cnorq.. e, | e
Nantasket Roads

- - -

Dorclientar Bay m e o

Thompian A Relnalord f4. ‘
;fﬂagsﬂf‘ﬂfzz::n 1e, f(rfﬁ
N . v 1 - '
) Peddocha 11 /2 ) ‘ 3 k
d ! S TR
=< J 1, W
f Mingham Bay y "

PL. Aldurton

DORCHESTER U

5/
.
53?

uﬁrkm le,

e Grape 1y,

PR
X Hut lll,nd"
\
e 0

* Maymouth
Fote Miver f}

Study Area




1-5

the Massachusetts Metropolitan District Commission (MDC), and 2) the conbined
sewer overflows (CSOs) |ocated along the Harbor shoreline. The pollutants
which are released fromthese sources serve as paraneters for describing the
envi ronnental condition of the waters of Boston Harbor. Figure 1-2 is a
schemati c presentation of how the pollutant |oadings enter the harbor from
these sources. The following water quality paranmeters are considered in this

report:

Par anmet er Reason for Consi deration

Coliform (fecal and/or total) important criteria for
swi mmi ng and shel | fishing
needs; indicator of domestic
sewage pollution

BOD (bi ocheni cal oxygen demand); conventional pollutants;
SS (suspended solids); st andard wast ewat er

oil and grease characteristics

Heavy netal s and toxics potentially dangerous to
(copper, mercury, nickel, etc.) aquatic life

Once these pollutants are released into the Harbor, they mx wth ambient
waters, and can seriously conpronise water quality and, consequently,
adversely affect the ecological habitat, recreation, aesthetic, and comerci al
fishing activities, and personal health. The heavy netals and other toxic

pol lutants affect the functioning of Harbor nmarshlands and influence the
abundance and diversity of shellfish and finfish in the waters. The
nmechani sns and effects as related to levels of pollutant control are not

known,  however. Thus, this report presents information on current |oadings of

toxic pollutants fromthe STPs and qualitatively describes the ecol ogica

habitat and potential effects for these pollutants.



Figure 1-2. Schematic of Sources of Pollutant Loadings to Boston Harbor
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Forty-three towns and cities in the Boston Metropolitan area belong to the
Metropol i tan Sewage System and send their donestic, commercial and industria
wast ewater to the two sewage treatnent plants for treatnent and disposal (see
Figure 1-3). At present, both plants are designed to carry out primary
treatment which is essentially a screening, sedinentation and chlorination
procedure. The treated effluent and concentrated, digested sludges are then
di scharged into the Harbor. System malfunctions are conmon, however
resulting from such factors as outfall pipe deterioration, inadequate holding
capacity and lack of normal required maintenance due to, anong other things,
difficulties in obtaining funds for repairs and suitable replacements for
mal f uncti oni ng conponents. As a result, the two STPs have not been
functioning properly in accordance with their designs, |eading to raw sewage
bypassess directly into the Harbor, inproperly timed sludge rel eases, sewer
backups from the STPs, and |ess than design-level treatnment performance, al

of which adversely affect water quality.

The two STP options consist of secondary treatnment and upgraded prinmary
treatment with an ocean outfall. The secondary treatnent option includes nore
BOD and SS renmpval than the current primary treatnent facilities and a
cessation of sludge disposal in the ocean. The ocean outfall option includes
repair and rehabilitation of the existing primary treatnent facilities and
discharge of the treatedeffluent into Massachusetts Bay by way of a tunne
from Deer Island. These two options were picked fromthe many proposals being
studied at the time of this report as representative of the proposals and not

as an endorsenent of one proposal over another
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Figure 1-3. Area Served by the MDC Sewerage System
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Table 1-1 conpares the annual costs of the STP options and shows very

approxi mate percentages for reductions in effluent pollutants, including

BODg, suspended solids (SS), and netals, over existing concentrations.

In its effort to develop a conprehensive plan for CSO control in Boston
Har bor, the MDC has designated four CSO planning areas: 1) Dorchester Bay,
2) Neponset River, 3) Inner Harbor (including Constitution Beach) and
4) Charles River Basin. The four areas are defined on the basis of existing
wat er use and coastal use patterns. The water quality of all four planning
areas is conpronised by pollution from conbi ned sewer overflows (CSOs),
stormvat er di scharges, and dry weather overflows (DWOs). Stormrel ated
conbi ned sewer overflows vary in duration and frequency. DWDs, caused by
sewer bl ockages and other mal functions, are continual discharges of sanitary
wast ewat er and are considered by the MDC to be the single nost inportant
source of pollution in Boston Harbor. They have thus been included in all the
CSO pl ans even though they are not officially classified as CSCs under federa
regul ations. Conbi ned sewer overflow outlet |ocations are shown in

Figure 1-4.

Anot her source of pollutant |oadings to Boston Harbor is the Quincy
storm sewers. The Quincy storm sewers discharge waters with fecal coliform
BOD and SS concentrations that are higher than |levels expected from storm
water runoff. Storm water contanmination can result from cross-connections
between sanitary and stormdrains, due to broken pipes and exfiltration from
sanitary sewers in disrepair, and, possibly, illegal "tie-ins" to the storm
sewer system although the latter has not been docunented in Quincy. These
present problens sinmlar to the DAOs in Boston which have been included in the

CSO plans. The Quincy stormsewers |lie outside the MDC study area of
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Table 1-1. Costs and Potential Reductions in STP
Ef fluent Pollutants for the STP Options
(M1lions 19829%)

Wastewater Pdsts | Bpproximate Rercentage
Tr eatment i Annualized a/l Annual ] Total | Reduction in b/
STP Options | Capital Qost="| 0&M Cost | 2Anual Cost | Effluent Pollutants —

Upgraded Prinary

Wth Ccean Qutfall 74.9 22.0 96. 9 ¢l

Secondary 85.8 45.2 131.0 60 - 80

al Based on 8 |1/8 percent interest; 20 year period.

b/ Average potential reductions in effluent pollutants (BODs, SS and
metal s) over existing concentrations. Range is a very approximte
estimate. For four heavy nmetals (cadmi um chromium |ead, nercury) the
reduction woul d be about 30%

cl/ No effluent will be discharged in Boston Harbor. There will be
increases of pollutants in Massachusetts Bay, however. See Section 4
for details.

Sour ce: See Tables 2-2 and 2-3, Section 2.



Figure 1-4
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concentrated CSCs. However , they have been included as an option for this
benefit-cost study because they have a significant adverse inpact on the water
quality of Quincy's town beaches and Wl | aston Beach, a |arge MDC operated beach

attracting many visitors, located in Quincy.

Tabl e 1-2 shows the annual costs of the CSO options along with the
approxi mate percentage reduction in pollutant |oadings, including fecal coliform
fl oat abl e and suspended solids and oil and grease. The top part of the table
presents the four CSO plans as desighated by the MDC The bottom part shows the
options used in the benefit-cost analyses in this study (for a detailed
di scussion of the CSO options see Section 3). The options as defined in the
| oner half of the table correspond nore appropriately with the benefit estinmates
associated with the uses of the Harbor. For exanple, all the sw mrng and
shel | fishing uses affected by the CSCs (and therefore the correspondi ng benefits
estimates) can be captured by including only the Constitution Beach portion of
the I nner Harbor Plan plus the Dorchester Bay, Neponset River, and Quincy Bay
Pl ans. The CSO options in the table reflect increnental increases in annua

costs.

1.2 Water Quality

Currently, the CSOs and STPs jointly affect sone of the same harbor areas
(see Figure 1-5). However, the CSOs generally affect the areas closest to the
shore including the shoreline swimm ng beaches and fishing and boating areas near
the shore. In conparison, the STPs have the greatest inpact on water surrounding
the STP outfalls and thus nostly influence the central parts of the harbor,
particularly the Boston Harbor |slands. Beaches in the towns of Quincy,

Weynout h, Hi ngham and Hull are al so affected.
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Table 1-2. Incremental Costs and Potential Reductions
in Pollutant Loadings for the CSO Options

(MIlions 1982%)

] MDC PLANNIN

| Percentage
Treatment |Reduction in
Alternative/ | Annualized | Annual | Total |Pollutant
Receptor | Capital Cost 28/ |OsM Cost | Annual Cost |Ioadings b/
| nner Har bor
a) I ncl udi ng
Constitution 14. 63 1.97 16. 61
b) Constitution
only 0.04 0.01 0. 05 50 - 99
Dor chest er Bay 4.97 0.37 5.34 70 - 99
Neponset River 0.61 0.10 0.71 60 - 98
Charles River Basin 8.87 1.56 10. 43 65 - 100
| mpl ement ati on of
all MDC design-
ated CSO pl ans 35.44 4.00 33. 39 50 - 100
| STUDY AREA DESI GNATI ON
| nner Harbor
Constitution
Beach only 0.04 0.01 0. 05 50 - 99
Dor chest er Bay/
Neponset River 5.59 0. 47 6.06 60 - 99
Qui ncy Storm
Sewers G 0. 27 -.02 0.25 60 - 99 al
Above three pl ans
conbi ned 5.90 0. 46 6. 36 50 - 99
Charl es River 8.87 1.56 10. 43 65 - 100

al Based on 8 /8 percent interest: 20 year period.

b/ From Contractor reports,

c/ Quincy plan is currently undergoing extensive revision.
d/ Assuned to be the same as Dorchester Bay Area.
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The various STP and CSO treatnment options will reduce pollutant | oadings,
to the Harbor waters. The change in anbient water quality at various
| ocations throughout the Harbor will depend on the change in reduced | oadings
but also on the dispersion pattern in the Harbor from the point of discharge
to the receptor areas where recreation, boating and fishing take place.
Several water quality nodels were used in the various contractor reports
delineating the STP and CSO options. W use the results of these nodels to
predict inproverment in water quality related to percent reduction in pollutant
| oadings for the different treatment options at each receptor point in the
study area. (See Section 4.) These estimates are presented in Table 1-3.
The accuracy of the water quality nodels depends on both the data and
met hodol ogi es avail able. Conplexities due to currents, tides and weather make
the transport and fate of pollutant discharges difficult to nodel. The
results currently available preclude estinmation of absolute changes in water
quality but the relative percentage changes, as shown in Table 1-3, are

adequate for the benefit estimation procedures used in this study.

1.3 Benefit Categories and Receptors

The benefit categories for which benefit estimtes have been conputed in
this study have been determ ned by those uses of Boston Harbor that are
affected by the pollution sources discussed above (STPs and CSGs). A term
often used to describe areas or uses which are adversely affected by pollution
sources and which woul d benefit from pollution abatenent options is
“receptors.” The receptors or benefit categories in this study include
recreation activities such as swinmming, boating and fishing, commercia
finfishing and shellfishing, the ecol ogical habitat of the harbor and

non-users who would be willing to pay, nonetheless, for pollution contro



Table 1-3. Estimated Water Quality Inpacts of the STP and CSO
Treatment Options
Percent Pollution Reduction by
Treatnent  Qption
Conbi ned } Deep Crean } Secondary
Receptor Area Sewer Overflow 7 | Qutfall | Treat ment
Storm_ Sewer | i
Constitution Beach 50 to 80 5 to 10 0 to5
Dor chester Bay 60 to 90 10 to 25 5 to 15
Qui ncy Bay 60 to 90 10 to 20 10 to 20
Hi ngham Bay -- 15 to 40 15 to 40
Cuter Harbor Islands -- 60 to 90 30 to 80
Brewsters |slands -- -10 to -15 30 to 40
Nant asket Beach -- -5 to -10 0tob
Massachusetts Bay -- -35 to -45 15 to 20
Charles River 50 to 80 -- --
l
Not e: Positive figures denote inproved water quality. Negative figures

denot e degradation in water

quality.



(intrinsic benefits). Al ternative pollution control progranms and the

af fected receptors are shown in Table 1-4.

The benefits of inproved water quality resulting frominplenentation of
pol lution control options in Boston Harbor accrue to users and non-users
ali ke, and are presented below with a summary di scussion of specific benefit
esti mat es. The techniques used in this report to neasure benefits to society
frominplenentati on of pollution control plans are based on the theory of
wel fare econonics and the concept of willingness to pay. This econonic theory
is founded on the principle that the "demand" for water quality is the sum or
aggregate of how nuch individuals would be willing to pay to receive
addi tional increnents of inproved water quality. Section 5 discusses the
t heoretical concepts, benefits categories and the various nethodol ogi es used

to estinmate benefit values for the different treatnent alternatives.

1.4 Summary of Study Findings

A summary of annual benefits and costs for the different control scenarios
is presented in Tables 1-5 through 1-7. The control scenarios include the
MDC s recommended plans for CSO control and also the benefits of inplenmenting
CSO controls along with the STP options. The tabl es report the dollar
estimates for the benefit categories and receptor areas for Boston Harbor. An
i ndi cation of those benefits which were not nonetizable in this econonic
analysis is also included to enphasize the full range of inpact of these
pol | uti on sources and their consequent clean-up. One way to consider this
potentially |large non-nonetizable portion fromthe point of view of the
decision nmaker is an inplicit evaluation of what they must be worth if it is

decided to inplenent the controls by considering the difference between the
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Table 1-4. Pol lution Control Program and Receptors

Pol | uti on Contr ol | Predicted al
Option ] Percent d eanup Receptors/ Benefit Categories

STP
Ocean Qutfall 10 to 30 Beaches: Weynouth, H ngham Hull
Boati ng and Fi shing
Shel | fishing
Intrinsic and Ecol ogi ca

-40 to -10 Beaches: Nant asket ,
Brewsters |slands
Boati ng and Fi shing
Intrinsic and Ecol ogi ca

Secondary 5 to 30 Beaches: Constitution
Dor chest er Bay,
Qui ncy Bay,
Hi ngham Bay
Shel | fishing
Intrinsic and Ecol ogi ca

20 to 70 Recreati on: Quter Harbor
| sl ands
Boati ng and Fi shing
Intrinsic and Ecol ogi ca

| nner Har bor Beach: Constitution
(includes Constitution) 70 Boati ng and Fi shing
Shel | fishing
Intrinsic and Ecol ogica

Dorchester Bay and Beaches: Castle Island
Neponset River 80 Pl easure Bay, Carson
Mal i bu, Tenean
Boati ng and fishing
Shel | fishing
Intrinsic and Ecol ogi ca

Qui ncy Storm Sewers 80 Beaches: Wl laston, Quincy
Boati ng and Fi shing
shel | fishing
Intrinsic and Ecol ogi ca

Charles River 70 Boat i ng
Intrinsic

al See Tables 4-2 and 4-3.



Table 1-5.

Annual Benefits and Conts of Combined Sewer Overflow Controls
(Millions 196829)

¢ Beneflt Estimates by Cateqory
: | btal
Pollution Qmme rcial | mnual
Mntrol Recreational Recreational Shell- foostal/
Option Swi{mmingt’ Boating Pishing Healthd/ Finhing®/ Intecinaict/ Ecologfical TOTAL |
Gombined Sewer Overflows
Conatitution Range: 0.91-1.36 Not avallable foc thia .005-.077 0-~.005 Based on-total Cannot be 0.92-1.44 a.0s5b
Reagh Moderate: 1.14 option alnce boating 041 .003 recreational quantifled 1.18
and flahing are only benefitn, Not but {ncluden
Mrchester Bay/ Range: 6.21-9.29 calculated harbor-wide .021-.1317 001-,009 available for value of 6.21-9.62 6.06
Neponset River Moderatet 7.75 for combined STP and . 169 .005 this option highly 7.92
CSO options., since boating productive
Quincy Bay Range: 5.29-7.91 .086-1.,275 0-.004 and fishing saltmarshes 5.38-9.19 0,25~
Moderate: 6.60 .681 .002 benefits are in Boston 7.28 6.061/
only calculated Harbor.
Hingham Bay Range: -0- -0~ -0- harbor-wide These marshes -0-
Moderate1 for combined in turn
STP and CSO support many
Massachusetts Bay/ Ranget ~6- -0~ -0~ options, species of -0~
Nantasket Moderate: fish and
invertebrates
Entire Harbor Range: 12.05-18,0&/ .124-1.716 .001-.018 as well as 12.18-19.73% 6.36~
(not includin Moderate: 15.02 .92 .010 animals, 15.95 12.178/4/
Charles River shorebirds
and
Charles River Range: -0- .05-.96 -0- -0~ -0~ 3.14-6.28* waterfowl. 3.19-7.24 10.43
Moderate: .51 4.71 5.22
Pour MDC CSO Plans Range: 7.12-10.65 .05-.96 .027-,394 .001-,014 3.14-6.28* 10.34-18.3 16.541/
(®nst{tution, Moderate: 8.89 .51 .21 .008 4.71 14.3

o rchester, Neponset,

Charles River)

3/ Moderate benefits represent best estimates except for those categories where best estimate is marked by *. Range includes high and low

estimate.

b/ Swimming benefits based on conditional logit model. For Quincy, Hingham and Nantasket beaches, benefits from increased participation are

added since logit model did not include these beaches.

</ Includes general recreation benefits at Boston Harbor Islands.

All benefits are derived using user day value from logit model.

9/ Health benefits for individual areas based on swimming; for entire harbor benefits based on shellfish consumption acre also included.

¢/ commerclal fishing benefits based on shellfishing; estimates for finfishing and lobstering not avallable.

£/ Intrinsic benefits based on 50 percent of all recreational benefits; except for Charles River, which includes willingness to pay for user
and non-user valyes.

9/ Annualized capital costs (assuming 8 1/8 percent interest, 20-year period) plus annual operation and malntenance costs.
b/ Excludes cost of Inner Harboc CSO plan except for Congtitutlion Beach portion; total annual cost of Inner Harbor CSO plan 1s $16.61 million.

1/ cost estimates for Quincy storm scwers are still preliminacy. High estimate {s equivalent to costs for CSO control In Dorchester Bay.

6T~-T




Table 1~6. Annual Benefits and Costs of Combined Sewer Ovecrflow Controls and
Ocean Outfall (ntcol Option (Millions 19823)

Benefit Eatimates by Cateqory

! ' | meal
mollution | 1 mmercial | mnual
Control Recreational Recreatlional Shell- Jostsh/
Option Swimmingb/ Boating Fishing Healthd/ Fishing?/ Intrinsict/ Ecologlical TOTAL |

Mmbined Sewer Overflows
and Ocean OQutEall
Conatitutlon Ranqe: 1.05-1.57 .008~-.119 ~ Potentlally 1.06-1,69
Beach Moderate: 1. 064 large 1.37
beneficial
mchester Bay/ Range: 7.41-11.08 032-.477 impact on 7.44-11.56
Neponset Rivet Modarate 9.25% . 255 shoreline 9.51
saltmacshes
Qincy Bay Range: 6.24-9.33 .146-2.15 supporting 6.39-11 .48
Moderate: 7.78 1.15 fish and 8.93
invertebrates
Hingham Bay Range: .215-.322 .003-,039 as well as 22~.36
Moderate: .269 .021 animals, .29
shoreblrds,
Massachusetts Bay Range: (-.0L1) to (~.1l69) and watecfowl., (~.78) to (~.94)
Nantasket Moderate: (~.772) (~.090) But negative {(-.86)
' impact on
Entire Harbor Range: 15.23-23.6%/ 5.39-12.13# .30-7.91* ,189-2.67 .022-,124 10.1-21.8 Massachusetts 31.23-68,23* 103,3-
(not including Moderate: 19.03 8.76 4.11 1.43 .064 15.9 Bay with {ts 49.29 109. Lb/l/
Charles River) finfish,
lobster,
Charles River Range: -0~ .05-.96 -0~ -0~ -0~ 3.14-6.28% crab and 3.19-7.24 10.43
Moderate: .51 4.71 migratory 5.22
whales and other
Four MDC (50 Plans Range: species.

(Constitution, Moderate:
Dorchester, Neponset,
Charles River)

2/ Moderate benefits represent best estimates except for those categories where best estimate {s marked by *. Range includes high and low
estimate.

|74 Swimming benefits based on conditional logit model. For Quincy town beaches, benefits from increased participation are added since logit
model did not include these beaches. All benefits are derlved using user day values from logit model. '

¢/ Includes general recreation benefits at Boston Harbor Islands.
4/ Health benefits for individual areas based on swimming; for entire harbor beneflts based on shellfish consumption are also included.
¢/ Commercial fishing benefits based on shellfishing; estimates for finfishing and lobstering not avallable.

£/ Intrinsic benefits based on 50 percent of all recreational benefits; except for Charles River, which includes willingness to pay for user
and non-user values.

9/ Annualized capital costs (assuming 8 1/8 percent interest, 20-year period) plus annual operation and maintenance costs.
b/ Excludes cost of Inner Harbor CSO plan except for Constitution Beach portion; total annual cost of Inner Harboc CS0 plan is $16.61 million.

1/ cast estimates for Quincy storm sewers are still preliminacy. High estimate is equivalent to costs for CSO control In Dorchester Bay.
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Table 1-7. Annual Benefits and Costs of Combined Sewer Overflow Controla and
Secondary Treatment Mntrol Option (Milllons 19829)

Aenefit Eotlmates by Cateqory

! ' i Total
ollutiony’ i wmnme rcfal [ mnual
Control Recreatlonal Recreatlonal Shell~ |costah/
Option Swimmlngt/ Boating Flahing Hea1thd/ Flshlan/ Intrinaicl/ Ecological TOrAL t
Mmhined Sewer Overflows
and Secondary Treatment
Constitution fRange: .98-1.46 .007~-.096 Potentially 0.99-1.56
each Moderate:s 1.22 051 large 1.27
beneflcial
Mrchester Bay/ Range: 7.41-11.08 032~-4M7 impact on 7.44-11.56
Heponget River Moderate: 9.25 .25% shoreline 9.51
saltmarshes
Quincy Bay Range: 6.24-9.33 L146~2.15 supporting 6.39-11 .48
Moderate: 7.78 1.15 fish and 8.93
invertebrates
Hingham Bay Ranget «215-.322 .003~-.039 as well as 22-.36
Moderatet 269 .021 animals, .29
shorebirds,
Massachusetts Bay/ Range: -0~ -0~ . and waterfowl, ~0-
Nantasket Moderate:
Entire Harbor Range: 14.22-22.42¢/  6.46-14.57* .75-9.49 .198-2.81 .022-,124 10.7~23,2 32.35-72.61+ 137.4~-
{not including Moderate: 18.32 10.52 5.12 1.51 .064 17.0 52.53 143,201/
charles River)
Charles River Range: ~0- .05-.96 -0~ -0~ -0- 3.14-6.28% 3.19-7.24 10.43
Moderate: W51 4.71 5.22
Four MDC CSO Plans Range:
{(Constitution, Moderate:

Dorchester, Neponset,
Chacles River)

3/ Moderate benefits represent best eat{mates except for those categories where best estimate is marked by *. Range includes high and low
estimate.

b/ Swimming benefits based on conditional loglt model. For Quincy town beaches, benefits from increased participation are added since logit
model d1d not include these beaches. All benefits are derived using user day values from logit model.

¢/ Includes general recreation benefits at Boston Harbor Islands.
4/ Health benefits for individual areas based on swimming; for entire harbor benefits based on shellfish consumption are also included.
¢/ commercial fishing benefits based on shellfishing; estimates for finfishing and lobstering not available.

Y/ 1Intrinsic benefits based on 50 percent of all recreational benefits; except for Charles River, which i{ncludes willingness to pay for user
and non-user values.

9/ Annualized capltal costas (assuming 8 1/8 percent intecrest, 20-year period) plus annual operation and malntenance costs.
h/ Excludes cost of Inner Harbor CSO plan except for Constitution Beuach portion; total annual cost of Inner Harbor CSO plan {s $16.61 million.

Y/ cost eatimates for Quincy storm gewrsrs ace at {11 peeliminacy. High estimate {s equivalent to costs for CSO control in Dorchester Bay.

TZ-1
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annual benefits as estinmated and the predicted annual costs. One
result that does stand out is that in addition to either secondary
treatment or an ocean outfall the CSO problem needs to be addressed
if full use restoration and health benefits are to be realized.

Some specific conclusions of this study include:

o Mbnetizabl e benefits

-- Swimming benefits and all kinds of recreational benefits
are the largest source of the nonetizable benefits. In the
commercial fishing category, we could only estimte
shel | fishing benefits. Nonet hel ess the recreationa

cat egories appear to be especially inmportant for urbanized
areas such as Boston Harbor where |ocal population density
and demand for nearby recreational opportunities are high.

-- The geographic location of the pollution sources in
relation to the receptor or benefit categories is an
important factor in deternmining the type and |evel of
benefits that will be generated by the different treatnent
options. In the case of Boston Harbor npbst of the recreation
beaches are significantly affected by the CSO discharges and
only noderately affected by the STPs. On the other hand,
fishing and boating in Harbor waters are nore affected by the
STP di schar ges. In the case of fishing and boating, however,
a further constraint is marinas and facilities--a constraint
on increased participation in these activities not related to
pol l uti on control

--In our calculations the CSO options can be broken down by
MDC Pl anni ng Area. For exanple, benefits related to the
Dorchester Hay and Neponset River Plans and the Constitution
Beach portion of the Inner Harbor Plan are summarized in
Table 1-5. Also, Charles River and Quincy Bay can be

i sol at ed. This separation of plans is possible because of

t he geography of Boston Harbor and it would not be possible,
necessarily, for all areas of the country. However, in our
case the separation of plans can assist in the determ nation
of the npst effective way to allocate CSO control funds.

o Non-nonetizable benefits

-- Several categories include only a partial estimation of
benefits. The commercial fishing category includes
shel I fishing only. Although up to 2.6 mllion pounds of

~ ~lobster and 28.4 nillion pounds of fish are |anded annually
in the port of Boston, benefits related to this activity were
not cal cul ated because of the difficulty of know ng where the
fish were caught and how they m ght be affected by the
improved water quality.
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- Intrinsic benefits include aesthetic benefits and benefits
such as existence and option value not directly related to
use of the water resource. These are best eval uated by

wi | Iingness-to-pay neasures. As can be seen in the case of
the Charles River (Table 1-5), they can be quite

substanti al . For the other areas in this study

wi | lingness-to-pay neasures were not available, and the
intrinsic benefit estimates were related to recreationa
activity which nmight not capture all non-user benefits.

-- A potentially large category of benefits not captured in
this econonmic analysis is ecological benefits--benefits
related to preservation and restoration of the harbor and bay
habi tats. The vol une of pollutants controlled by the STPs is
far greater than that controlled by the CSGs (approximtely
30 tines greater). Therefore, from an ecol ogi cal perspective
we need to be very concerned about the long terminpacts that
those heavy nmetals, toxics and other constituents in the STP
ef fluents have on the harbor and bay habitats even though
they are not imediately reflected or easily captured in the
econom ¢ analysis. The CSOs are al so of concern because of
their proximty to highly productive saltmarshes along the
shoreline

-- In this study we have | ooked at uses of the Harbor waters
whi ch could be nost directly analyzed within our economic

anal ysis framework. This resulted in the exclusion of the

I nner Harbor CSO Pl an except for the Constitution Beach

ar ea. The | nner Harbor CSO control plan (reducing odor

fl oat abl es, and toxic substances) woul d include benefit
categories of conmercial use, aesthetics and ecol ogical, none

of which were nonetizabl e. There are relatively few
recreational uses in this area. G ven the |arge anount of
ef fluent discharged (about 11 billion gallons per year), the

control costs are quite high and it would not appear that
this CSO plan would be as inportant as the others in its

overal |l inpact.

o Costs
-- The costs for the CSO control options are estimtes for
preferred control alternatives. However, the costs for the
Qui ncy Storm Sewers may not be conparable to the costs as
used in the rest of the report. The Quincy cost study is
still in the prelimnary stages and not nearly as detailed as

t he other CSO plans. Thus, we show in the summary tables an
upper range estimate equal to the CSO control costs for
Dorchester Bay, its neighbor to the north

As is clear from the discussion above, the benefit estimte nunbers

presented in Tables 1-5 through 1-7 should not be taken as especially



i mportant or precise in thensel ves. They are approxi mati ons and represent
means conputed from ranges, sonetinmes w de ranges, that have been devel oped
for each benefit category: they are the result of, for the nobst part,
conservative assunptions: and they generally underestimate the benefit val ues
of the treatnent options. For instance, as discussed above, ecol ogica
benefits have not been included as they are considered non-nonetizable (see
Section 10). Recreational boating and fishing benefits (except for Charles
Ri ver) have been conmputed only for the Harbor as a whole, since data was
unavail able to break the totals down by option. The totals were included,
however, to give an idea of the possible nagnitude of these benefits. Despite
these shortcomngs, it is apparent from the conclusions that have been drawn
that an econonmic analysis of the beneficial inpacts of water quality

i nprovenents is feasiblee and is a useful tool for providing information to
decision nakers to facilitate inproved policy decisions, especially where
there is a choice to be made ampng various alternatives and a limt to the

avai | abl e fundi ng.

1.5 Specific Benefit Estinmates

Benefits accrue to households who recreate in, on or near the water, to
consumers of conmercial fisheries, to consumers who benefit directly and
indirectly fromthe increased economc activity in the primary sector, and to
non-users of Harbor waters, who derive intrinsic benefits. Each benefit
category, estimation procedure, and benefit estimate are briefly described

bel ow.

1.5.1 Recreation

Benefits from increased recreational opportunities are the greatest of al

the moneti zabl e benefit categories. Benefits accrue to swi mrers, boaters,
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angl ers and those who recreate near the water. Two maj or comnponents of
consumer surplus have been estimated which fully capture benefits from
improved water quality: (1) increase in participation, and (2) increase in
the price participants are willing to pay per visit for the inproved quality
of the recreational experience. The following is a brief summary of the three

maj or recreation benefit categories considered in this study.

Swi_nmi ng. A variety of benefit estimation nethodol ogi es were enployed to
estimate swimm ng-related benefits. These included: (1) wusing recreation

studies to predict and value increases in participation; (2) applying a travel
cost, conditional logit nmodel to estimates gains in consuner surplus due to

i ncreased participation and increased satisfaction per trip: and

(3) calculating consumer |osses stemming from beach closings. Results from
the travel cost nodel are the nost accurate of all the nethodol ogi es because
of the theoretical and enpirical strengths of the |ogit nodel Benefits
associated with the CSO control options are substantial: $18-19 nillion

for swimers throughout the Harbor area for a full plan of STP and CSO
controls. About $15 nmillion of this is related to CSO controls because of the

Proximty of their discharges to the shoreline beaches. (See Chapter 6.)

Fi shing and Boating. Fi shing and boating benefits have been cal cul ated

only for the entire Harbor study area because of data linmtations. Benefits
for both these categories are substantial: $12 to 15 million for both

activities for conbined STP and CSO control s. (See Chapter 6.)

Bost on Harbor |slands--All Recreation Activities. The Boston Harbor

I slands are a unique recreation resource that will benefit from inproved water

quality resulting fromthe inplenentation of the STP treatnment alternatives.
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Recreational data was used to predict increase in participation in all Boston

Har bor Island activities. Benefits total $1 to 3 million. (See Chapter 6.)

1.5.2 Health

Heal th benefits from water pollution abatenent include wllingnhess to

pay to avoid swinmmng-related illnesses and shellfish consunption-rel ated
illnesses. Dose-response data were used to evaluate sw nming-illness
benefits. No such functions exist for consunption of shellfish, and thus

these benefits were devel oped by assuming that a percentage reduction in
shel I fish-borne diseases is directly proportional to percentage reduction
in the concentration of the fecal coliformin the water. Total health
benefits from CSO and STP controls are about $1.5 mllion. They are

| owest at Constitution Beach and hi ghest at the Wl |l aston/ Quincy beaches,
whi ch have the highest sw nming attendance and are in close proximty to
t he Quincy storm sewers. Shel | fish consunption benefits can only be
linked to pollution reduction throughout the entire harbor. Benefits are

small, from $0.001 nillion to $0.005 million. (See Chapter 7.)

1.5.3 Commercial Fisheries

Water pollution abatement in Boston Harbor would probably result in a

recl assification of shellfish beds from grossly contam nated (closed beds) to
noderately contam nated (restricted beds), thereby allow ng increased

shel | fish harvesting with depuration. Mbderate benefits are about $0.06
mllion for conmbined STP and CSO controls. (See Chapter 8.) These benefits

do not include the sizable comercial catches of finfish and | obster. Current
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annual val ue of these catches reaches $18 nillion. Ve were not able to
cal cul ate incremental annual benefits for this portion of comrercial fishing

benefits, however.

1.5.4 Intrinsic Benefits

Water pollution abatenent is predicted to have an inmportant effect on
benefits which are not specifically related to actual water use, such as
option, existence, and aesthetic values. Except for the Charles River
because of the lack of appropriate willingness to pay survey data which could
be applied to the different treatnment alternatives in the study area,
intrinsic values have been estimated by assumi ng that non-user benefits are
one-hal f as great as recreational user benefits. (See Chapter 9.) Mbderate

estimates for intrinsic benefits total $16-17 mllion.

1.5.5 Ecological |Inpacts

Pol | uti on abatenent mght positively influence ecol ogical processes in
sal tmarsh areas throughout the harbor. Al t hough attenpts have been nade to
estimate the econom c val ue of marshlands by valuing the role of the marsh as
a factor of production, and by estimating the cost of duplicating these
functions, it was not possible to apply these results to the Boston Harbor
study area. This is because the connection between the |levels of pollution
control, the subsequent reduction of pollutant |oadings to the water colum
and the functioning of the marshlands is unknown for the harbor. Furt hernore
the role of pollutants already in the sedinents, that could be resuspended
into the water as |oadings are reduced, is not well understood at this tine.
Therefore, these benefits have been considered non-nonetizeabl e. (See Chapter

10.)



The adverse ecol ogical inpacts believed to be caused by current and past

| evel s of pollutant |oadings include:

-- the alteration of benthic popul ations which may reduce the food
supply, thereby resulting in a decrease in comercially val uable
fish variety and nunbers;

-- the accumul ation of toxics by benthic fauna and then passage up
the food chain where they pose a health risk to consumers (copper
mercury, PCBs, silver found in tissues of |obster and wi nter
fl ounder);

-- bioaccunul ati on which can affect species reproduction, increase
potential for disease (fin erosion in winter flounder associated

with PCB contam nation), and inpair predator avoi dance behavi or
which could result in reduced nunbers and variety of fish.

| mportant conmercial species that may be adversely inpacted include |obsters,
manhaden, cod, bluefish, striped bass and eels. Ecol ogi cal benefits woul d

accrue to the pollution control neasures if the reduction in pollutant

| oadi ngs caused reductions in the aforenentioned adverse inpacts.

The ecol ogical benefits of the STP options may be |arger because the
vol ume of discharge is about 30 tines as great as for the CSGCs. However, the
ocean outfall option will negatively inmpact some of the areas in

Massachusetts Bay which include:

-- comrercially valuabl e species such as tautog, cod, poll ack,
haddock, halibut, mackeral; and

-- migratory and endangered species such as whales, sea turtles,
sturgeon and the Peregrine fal con

1.5.6 Secondary Effects

I mproving water quality will result in secondary effects fromincreases in
econom c activity generated in an area by direct inpacts, such as comerci al

fisheries or recreation activities. A range of input and output multipliers were
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applied to each benefit category to conpute all secondary econonic effects.
Secondary effects cannot be linked to each pollution control option for every
primary benefit category because sone of the benefit categories, such as fishing
and boating, could only be devel oped on a harbor-wi de basis. W have chosen to
refer to these values as effects, rather than benefits, because only under certain
ci rcunstances can secondary effects be considered benefits and the |abor narket
analysis required for delineation and definition of these circunstances was beyond
the scope of this case study. For these reasons we have calculated the different
secondary effects, but have not included the dollar value in the summary of tota

pol lution control benefits. (See Chapter 11.)

1.5.7 Charles R ver Basin

Benefits to instream near-stream users and non-users of the Charles R ver were
calculated by estimating increase in boating participation and by applying results
froma willingness to pay survey. Boating benefits are small ($0.51 mllion)
because all river acres in the Charles River Basin currently are used for boating
and because user day values used to value this increase are noderate. The benefits
of inproving water quality along the Charles nore accurately are neasured by
applying results of a willingness to pay survey, which captures benefits to users
and non-users alike. Benefits calculated using this nethodol ogy are substanti al
$4.7 nmillion. Despite the large size of these benefits, they are approxi mately
hal f of the estimated $10.43 mllion annual cost. of inplenenting the Charles River

Basin CSO plan. (See Chapter 12.)

1.6 Quide to the Report

This chapter has summarized the features of the study area, the treatnent
alternatives and the benefit categories. It also has presented a brief

analysis of the treatment options and a brief summary of study results and



1-30

concl usi ons. The specific STP and CSO treatment options are discussed in
detail in Sections 2 and 3. Their effects on Harbor water quality are

i ncluded in Section 4. Section 5 presents a brief introduction to the

t heoretical and methodol ogi cal approaches used to neasure benefits from

i mproving water quality, and discusses the benefit categories applicable to
this case study. The next six sections describe each benefit category and
i nclude benefit estimation nethodol ogy, data bases used in the analysis,
benefit estimates, and lints to the analyses: Section 6, Recreation
Benefits; Section 7 Health Benefits: Section 8, Conmercial Fisheries;
Section 9, Intrinsic Benefits: Section 10, Ecological Benefits: and Section
11, Secondary Effects. Section 12 presents a separate analysis of benefits

frominplenenting the Charles R ver Basin CSO Pl an

Several Appendices follow the major text. Appendix A gives a nore
detailed view of STP treatnent alternatives and their effects on Harbor water
quality. Appendi x B presents detailed calculations for the different
nmet hodol ogi es used to estimate recreation benefits and includes a description
of the major recreation sources used in this analysis. Appendi x C expl ai ns
how health benefits are cal cul ated and Appendix D presents a step by step
anal ysis of commercial fisheries benefits cal cul ations. Appendi x E summari zes
cal cul ations of recreation boating benefits from water quality inprovenent in

t he Charles River Basin.



